The phylogeny of 20 Actinobacillus actinomycetemcomitans strains isolated from patients with localized juvenile periodontitis (LJP) was investigated by using partial sequence analysis of 16S rRNA genes, arbitrarily primed PCR (AP-PCR), and four additional PCR assays that amplified polymorphic regions in the leukotoxin (lkt), cytolethal distending toxin (cdt), major fimbrial subunit (flp-1), and serotype-specific O polysaccharide gene clusters. Our analysis also included four strains isolated from healthy subjects and nine reference strains. We found that A. actinomycetemcomitans strains comprised three major phylogenetic lineages. One lineage consisted of serotype b strains, a second lineage consisted of serotype c strains, and a third lineage consisted of serotype a, d, e, and f strains. 16S rRNA sequences within each lineage were highly conserved (<1% base substitutions), whereas sequences between lineages were exceptionally divergent (1.9 to 5.0% substitutions). Two strains exhibited 16S rRNA sequences that were even more distantly related to those of the three major lineages (2.7 to 6.7% substitutions), indicating that additional minor lineages or variants exist. The distribution of 16S rRNA sequences and lkt, cdt, flp-1, and AP-PCR genotypes was consistent with a clonal population structure, with little evidence of assortative recombination between strains of different serotypes. Strains from all three major lineages were recovered from LJP patients, suggesting that phylogenetically diverse strains of A. actinomycetemcomitans carry pathogenic potential.
Actinobacillus actinomycetemcomitans is a gram-negative, capnophilic coccobacillus that colonizes the human oral cavity (24) . A. actinomycetemcomitans is implicated in the etiology of localized juvenile periodontitis (LJP), a severe and rapid form of periodontal disease that affects more than 70,000 predominantly African-Americans in the United States annually (42) . Infrequently, A. actinomycetemcomitans can enter the submucosa and cause extraoral infections including endocarditis, bacteremias, and abscesses (21) . A. actinomycetemcomitans produces adhesive pili which cause tight adherence to surfaces such as glass, plastic, and saliva-coated hydroxyapatite (8, 20) , a property that has been shown to play an important role in the ability of A. actinomycetemcomitans to colonize the mouths of rats (10) . A. actinomycetemcomitans also produces several potential virulence factors, including leukotoxin, a 116-kDa secreted lipoprotein that specifically kills human polymorphonuclear leukocytes and macrophages (26) , and cytolethal distending toxin, an immunosuppressive factor which is homologous to a family of toxins expressed by several other gram-negative bacteria (37) . Little is known about the role of these and other potential virulence factors in the pathogenesis of LJP (11) .
Numerous studies on the genetic diversity of A. actinomycetemcomitans strains isolated in Europe, Japan, and the United States have been reported (1, 3, 6, 12, 14-16, 28, 29, 34, 40, 43) . These studies showed that there is considerable genetic variation among natural isolates of A. actinomycetemcomitans and suggested that variation in the virulence potential of strains may exist. For example, studies on the distribution of A. actinomycetemcomitans serotype a to e strains showed that serotype a and b strains are frequently isolated from LJP patients, serotype c strains are more common in nonoral infections and in healthy people, and serotype d and e strains are rare in all populations (1, 15, 28, 43) . Studies on the leukotoxin gene showed that strains carrying a 530-bp deletion in the leukotoxin gene promoter that results in 10-to 20-fold-higher levels of leukotoxin production are almost exclusively isolated from LJP patients, suggesting that these strains may have an increased virulence potential (3, 12, (14) (15) (16) . Other studies have shown an association between disease and certain restriction fragment length polymorphism genotypes (6) or arbitrarily primed PCR (AP-PCR) genotypes (1, 28) .
The serologic specificity of A. actinomycetemcomitans serotype a to e strains is defined by five structurally and antigenically distinct O polysaccharide (O-PS) components of their respective lipopolysaccharide molecules (27, 31, 32) . We recently identified a sixth A. actinomycetemcomitans serotype, designated serotype f, which synthesizes an O-PS molecule that is structurally distinct from those of serotype a to e strains but which shows immunological cross-reactivity with the O-PS molecule of serotype b strains (22) . We also analyzed the DNA sequence of the gene cluster responsible for the synthesis of serotype f O-PS and showed that it is homologous to the serotype b, c, and e O-PS gene clusters (22) . The aim of the present study was to clarify the genetic relationship between serotype f strains and the five previously identified A. actinomycetemcomitans serotypes. This report describes our analysis of 33 A. actinomycetemcomitans clinical isolates and reference strains, including strains representing all six of the currently known serotypes, by using four genotype-specific PCR assays and a comparison of partial 16S rRNA sequences.
MATERIALS AND METHODS
A. actinomycetemcomitans strains. The strains analyzed in this study are listed in Table 1 . Strains designated NJ, DF, and CU were isolated from cheek, tongue, saliva, or subgingival plaque samples obtained from subjects in New York City and Newark, N.J., between 1992 and 2000. All subjects were unrelated except for one pair of half siblings (NJ5500 and NJ5800). LJP was diagnosed according to the criteria described by Baer (2) . Strains were identified as A. actinomycetemcomitans by the following criteria: (i) characteristic star-positive colony morphology on AAGMBV selective medium (9); (ii) CO 2 required for growth; (iii) catalase positive; (iv) tight adherence to surfaces when grown in broth (9); (v) PCR amplification products with primers that hybridize to lktCA of strain JP2 (25) , cdtABC of strain Y4 (37) , and flp-1 or flp-2 of strain CU1000 (20) ; and (vi) amplification of a diagnostic PCR product in an A. actinomycetemcomitans serotype-specific PCR assay (22) . Haemophilus aphrophilus strains NJ8500 and NJ8700 were distinguished from A. actinomycetemcomitans by the following criteria: (i) yellowish colony on AAGMBV selective medium; (ii) catalase negative; (iii) absence of PCR products with lktCA, cdtABC, and flp-1/flp-2 primers; (iv) absence of a PCR product in the A. actinomycetemcomitans serotype-specific PCR assay; (v) 16S rRNA sequence Ͼ97% identical to that of H. aphrophilus ATCC 33389 (5) (see Fig. 2 ); and (vi) presence of an fnr homologue Ͼ97% identical to that of H. aphrophilus ATCC 13252 (13) . Strains were preserved as Ϫ70°C frozen stocks in 10% dimethyl sulfoxide and grown in Trypticase soy broth supplemented with yeast extract and glucose as previously described (9) . PCR assays. Genomic DNA was prepared from test strains by using a DNeasy tissue kit (Qiagen, Valencia, Calif.) according to the instructions provided by the manufacturer. PCR primers were purchased from Biosource International (Camarillo, Calif.) or Integrated DNA Technologies (Coralville, Iowa). Unless otherwise indicated, PCR assays were performed in 0.5-ml thin-walled tubes containing 10 l of 10ϫ PCR buffer (500 mM KCl; 100 mM Tris-HCl, pH 8.3; 150 mM MgCl 2 ), 1 mM deoxynucleoside triphosphates, 2.5 U of Taq DNA polymerase (Applied Biosystems, Foster City, Calif.), and 5 ng of genomic DNA as a target in a 100-l reaction volume overlaid with 100 l of mineral oil. A 10-l aliquot of each PCR was electrophoresed through a 1.0 or 1.8% agarose gel in 1ϫ TAE buffer or a 5% acrylamide-0.17% bisacrylamide gel in 1ϫ Trisborate-EDTA buffer, and the PCR products were visualized by staining with ethidium bromide (36) . The specific primers and reaction conditions for the PCR assays were as follows.
(i) Serotype assay. Four PCRs were used to amplify unique sequences in the gene clusters responsible for the synthesis of serotype a-, b-, c-, d-, e-, and f-specific O-PS molecules as previously described (22) . The first PCR utilized four primers that hybridized to the serotype b-, c-, and f-specific O-PS gene clusters, resulting in the amplification of 333-, 268-, and 232-bp PCR products for . Assays were validated with DNAs from strains SUNYab75, Y4, NJ2700, IDH781, NJ9500, and CU1000 (serotypes a to f, respectively). Seroclassification of serotype a, b, c, and f strains was confirmed by enzyme-linked immunosorbent assay with anti-serotype a-, b-, c-, and f-specific rabbit antisera as previously described (22) .
(ii) lkt assay. The characteristic 530-bp deletion present in the leukotoxin promoter of highly leukotoxic strains was detected by using a PCR assay as previously described (16) . PCR products were analyzed on 5% acrylamide gels as described above. Strains that amplified a 504-bp PCR product were classified as strain JP2-like (highly leukotoxic); those that amplified a 1,034-bp PCR product were classified as strain 652-like (minimally leukotoxic).
(iii) flp-1 assay. PCR primers 5-AGCCACTTTCATCTGCGCTGG-3 and 5-ATTGCATCTAGTCTCTTTCG-3 were used to amplify a region located ca. 0.5 kb upstream from the flp-1 start codon (corresponding to bp 1448 to 1626 in GenBank accession no. AB005741). Thirty PCR cycles of 94°C, 55°C, and 72°C (1 min each) were performed. Strains that amplified a 363-bp PCR product were classified as type 1 (strain NK1651-like); those that amplified a 179-bp PCR product were classified as type 2 (strain 304-like) (Fig. 1E) .
(iv) cdt assay. PCR primer pairs P1 (5-GTCAACGAAGCTCCCAAGAACG CT-3 and 5-TGTACCTCTCCTTAGATCCATCCT-3), P2 (5-ACGTTCACCA CCCAGTAACAGGAT-3 and 5-TTCGCCATAACGTCAACGTAGTAA-3), and P3 (5-ATCCCGGGAAACGGGTAACGG-3 and 5-ACAACAAGCAACG TTAGGTCTGTG-3) were used to amplify three regions upstream from the cdtABC cytolethal distending toxin gene cluster. PCR primer pair P1 amplified the region corresponding to bp 1 to 667 of the cdtABC sequence of strain Y4 reported by Sugai et al. (37) . PCR primer pair P1 amplified a 1,893-bp PCR product in strain NK1651, due to a 1,226-bp sequence located 607-bp upstream from the cdtA start codon in strain NK1651 (Actinobacillus Genome Sequencing Project, www.genome.ou.edu/act.html) that is absent in strain Y4 (37) . PCR primer pairs P2 and P3 hybridized within the 1,226-bp fragment present in strain NK1651. PCRs were incubated at 94°C for 5 min, followed by 30 cycles of PCR at 94°C, 55°C, and 72°C (1 min each), with a final elongation step of 72°C for 5 min. When primer pairs P2 and P3 were used, the annealing temperature was changed from 55 to 60°C. Four cdt genotypes (designated 1 to 4 in Table 1 ) were defined as follows: strains that amplified a 667-bp PCR product with primer pair P1 were classified as type 1; those that amplified a 1,893-bp PCR product with primer pair P1, a 1,272-bp PCR product with primer pair P2, and a 932-bp PCR product with primer pair P3 were classified as type 2; those that amplified a 932-bp PCR product with primer pair P3 were classified as type 3; those that amplified a 4.4-kb PCR product with primer pair P1, a 1,272-bp PCR product with primer pair P2, and a 932-bp PCR product with primer pair P3 were classified as type 4 (Fig. 1F) . 16S rRNA sequencing. PCR primers 5-GCTTAACACATGCAAGTCGG-3 and 5-TGCTGGCACGGAGTTAGCCG-3 were used to amplify a 478-bp region of the A. actinomycetemcomitans 16S rRNA gene corresponding to coordinates 46 to 523 of the Escherichia coli 16S rRNA sequence (5) . The ends of the PCR products were made flush by using E. coli DNA polymerase (Klenow fragment) and ligated into the EcoRV site of plasmid LITMUS28 (New England Biolabs, Beverly, Mass.) as described previously (36) . Plasmid DNAs were prepared by using a QIAprep Spin Miniprep kit (Qiagen) and subjected to DNA sequence analysis on an ABI model 377 PRISM automated sequencer. Sequences were aligned by using CLUSTALW 1.8 (19) , and the alignment was manually adjusted to minimize the number of multistate positions.
Phylogenetic analysis. Phylogenetic trees were generated by using the software package PAUP 4.0b4a (Phylogenetic Analysis Using Parsimony), developed by D. L. Swofford (Sinauer Associates, Sunderland, Mass.), by using the heuristic search algorithm with default options. Attributes included those listed in Table  1 , as well as the genotype of the flp-1 structural gene as determined by DNA sequence analysis (J. B. Kaplan, unpublished data). The results of lkt, flp-1, and cdt PCR assays which failed to produce a PCR product were considered unknown. Strains carrying the JP2-like leukotoxin promoter were topologically constrained to a single clade, since these strains have previously been shown to be monophyletic (12, 14, 16) . The phylogram was rooted between the serotype {b,c} and {a,d,e,f} clusters, since these two groups have previously been shown 
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to be genotypically distinct based on genomic DNA fingerprinting, restriction fragment length polymorphisms, and multilocus enzyme electrophoresis (15, 16, 34) . Rooting the tree with a hypothetical distant outgroup placed the root on branch 4 of the phylogram (Fig. 2) , which did not alter the conclusions drawn from the analysis. Because of insufficient data or a high level of divergence or assortative recombination, strains NJ3800 and NJ9500 could not be confidently positioned in the phylogram and were therefore excluded from the analysis. Nucleotide sequence accession numbers. The GenBank accession numbers of the 16S rRNA sequences reported in this study are listed in Table 1 and in the legend of Fig. 2 .
RESULTS
A. actinomycetemcomitans strains. Table 1 lists the 33 A. actinomycetemcomitans strains analyzed in this study. A total of 20 of these strains were isolated in our laboratory from specimens obtained from localized juvenile periodontitis patients (referred to as the 20 LJP strains and indicated by boldface in Table 1 ). Our analysis also included four A. actinomycetemcomitans strains isolated from the oral cavities of healthy subjects (NJ5800, NJ6000, NJ8400, and NJ9500) and nine reference strains (ATCC29523, SUNYab75, ATCC29524, Y4, JP2, NK1651, Aa307, IDH781, and IDH1705).
Serotypes. All 33 A. actinomycetemcomitans strains amplified one of the six O-PS gene clusters in the serotype-specific PCR assay (Table 1 ). The serotypes of the nine reference strains were consistent with the reported seroclassifications of these strains (7, 34, 35, 43) . Among the 20 LJP strains, four were serotype a (20%), five were serotype b (25%), eight were serotype c (40%), and three were serotype f (15%). The four strains isolated from healthy subjects included one each of serotypes a, b, c, and e.
Leukotoxin promoter. All 33 A. actinomycetemcomitans strains amplified a PCR product in the leukotoxin-specific PCR assay. Of the 33 strains, 8 carried the 530-bp deletion in the leukotoxin promoter (highly leukotoxic), including 5 of the 20 LJP strains, 1 strain isolated from a healthy subject (NJ5800), and reference strains JP2 and NK1651. All highly leukotoxic strains were serotype b, but two serotype b reference strains (ATCC 29524 and Y4) contained the minimally leukotoxic promoter. It has been shown that highly leukotoxic strains of A. actinomycetemcomitans are frequently isolated from LJP patients (12, 14) , Africans and African-Americans (3, 12) , and younger subjects (12) . In our study, highly leukotoxic strains comprised 25% of the isolates from LJP patients (5 of 20) and 25% of the isolates from healthy subjects (1 of 4). All six of these highly leukotoxic strains were isolated from African-Americans. Subjects harboring highly leukotoxic strains were younger than those harboring minimally leukotoxic strains (14.8 versus 20.3 years old), but the difference was (18) revealed a 184-bp sequence located 0.5 kb upstream from the flp-1 start codon in strain NK1651 that was absent in strain 304. The effect of this 184-bp sequence on the expression of flp-1 or other genes is not known. We used a PCR assay to detect the presence of this 184-bp sequence in all 33 test strains (Table 1) . Eight strains failed to produce a PCR product in this assay. The structure of the flp-1 upstream regions in these eight strains in not known. Of the remaining 25 strains, 11 contained the 184-bp sequence (designated type 1 in Table 1 ), including all 10 of the serotype b strains and 1 serotype a strain (NJ3800). The remaining serotype a strains and all serotype c, d, e, and f strains lacked the 184-bp sequence (type 2 in Table 1 ). Among the 20 LJP strains, subjects harboring strains containing the 184-bp sequence (type 1) were significantly younger than those harboring strains with the strain 304-like flp-1 upstream region (type 2) (13.7 Ϯ 6.2 versus 23.8 Ϯ 8.1 years old; P ϭ 0.02).
cdt upstream region. Twenty-four strains could be classified as cdt genotypes 1 to 4 based on the cdt-specific PCR assay ( Table 1 ). The distribution of the four cdt genotypes correlated with serotypes: cdt genotype 1 was found only in serotype b strains; cdt genotype 2 was found only in serotype a and b strains; cdt genotype 3 was found only in serotype c and f strains; and cdt genotype 4 was found only in serotype c strains. Over one half of the strains belonged to the cdt genotype 2. The structure of the cdtABC upstream region in the five strains that failed to amplify a PCR product in this assay is not known.
AP-PCR.
Of the 33 test strains, 30 were analyzed by using AP-PCR genotyping. The distribution of the six detected AP-PCR genotypes correlated with serotypes: AP-PCR genotypes 1 and 2 were found only in serotype a and f strains, and AP-PCR genotypes 3, 4 and 5 were found only in serotype b and c strains. AP-PCR genotype 6 was found in only one serotype e strain. A total of 25 of the 30 strains tested (83%) belonged to AP-PCR genotypes 1 and 3.
16S rRNA sequencing. Figure 2 shows the nucleotide polymorphisms between coordinates 46 and 523 in the 16S rRNA sequences of 35 A. actinomycetemcomitans strains and seven strains of closely related bacteria. This section of the 16S rRNA molecule is the most informative for determining the relatedness of bacteria because it contains several variable regions (30, 39) . The 35 A. actinomycetemcomitans strains include the 33 strains listed in Table 1 , as well as reference strains ATCC29522 (serotype b) and NCTC9710 (serotype c). Nucleotide sequences were derived from published sources (5) or were determined in our laboratory. The nucleotide sequence of the 16S rRNA gene from strain NK1651 was obtained from the Actinobacillus Genome Sequencing Project (www.genome.ou.edu/act.html). There are 92 sites that are polymorphic in at least one of the 42 strains shown in Fig. 2 , and 52 sites that are polymorphic in at least one of the 35 A. actinomycetemcomitans strains. Three major A. actinomycetemcomitans 16S rRNA types were observed (labeled I to III in Fig. 2 ). Nucleotide sequences were highly conserved within each 16S rRNA type (0.0 to 0.8% nucleotide substitutions) but highly divergent between types (1.9 to 5.0% substitutions). In addition, strains NJ6700 (serotype c) and NJ9500 (serotype e) contained 16S rRNA sequences (designated types IV and V in Fig. 2 , respectively) that were more divergent (2.7 to 6.7% substitutions) from those of the three major types. The distribution of the three major 16S rRNA types was serotype specific: type I included all serotype a, d, e, and f strains; type II included all serotype b strains and one serotype a strain (NJ3800); and type III included all serotype c strains. The sequence of the type III 16S rRNA contained a large region (coordinates 77 to 226 in Fig. 2 ) that was homologous to the corresponding region of the 16S rRNAs of H. aphrophilus and H. paraphrophilus. This region corresponds to the stem regions designated helices 6 to 18 of the 16S rRNA molecule (helix numbering according to Van de Peer et al. [39] ). The 16S rRNA sequence from strain NJ6700 contained this same region, but it also contained a sequence homologous to helix 18 of the H. segnis 16S rRNA (coordinates 455 to 490). The 16S rRNA sequence from strain NJ9500 contained a sequence homologous to helix 6 of the H. aphrophilus and H. paraphrophilus 16S rRNAs (coordinates 77 to 92) and a sequence homologous to helix 18 of the Pasteurella multocida 16S rRNA (coordinates 455 to 478). These interspecific homologous regions may have resulted from retention of homologous sequences in some strains with concomitant DNA sequence evolution in other strains or from horizontal gene transfer between A. actinomycetemcomitans and other closely related oral bacteria (38) .
Phylogenetic analysis of A. actinomycetemcomitans strains. Phylogenetic analysis of A. actinomycetemcomitans strains based on the six attributes listed in Table 1 (serotype, 16S rRNA type, and lkt, flp-1, cdt, and AP-PCR genotypes) and the genotype of the flp-1 structural gene (Kaplan, unpublished) was performed, and three clusters were observed (Fig. 3) . One cluster consisted of serotype b strains, a second cluster consisted of serotype c strains, and a third cluster consisted of serotype a, d, e, and f strains. Serotype b and c strains formed distinct, monophyletic groups within the serotype {b,c} cluster (branches 1 and 2, respectively, in Fig. 3 ). Our analysis also revealed that serotype f strains were closely related to serotypes a, d, and e, confirming that serotype f strains constitute a unique A. actinomycetemcomitans serotype distinct from serotype b (22) . The tree shown in Fig. 3 also suggests that the phylogenetic relatedness of strains within the serotype {a,d,e,f} cluster is {a,d} {e,f} (branches 3 and 4, respectively), although more data are needed to confidently resolve the branching pattern in this part of the tree. Highly leukotoxic strains of A. actinomycetemcomitans that carry the 530-bp deletion in the leukotoxin promoter (JP2-like strains in Table 1 ) have previously been shown to comprise a monophyletic group based on multilocus enzyme electrophoresis and genomic DNA fingerprinting (16) , DNA sequence analysis (14) , and AP-PCR genotyping (12) . Our data suggest that the 530-bp deletion in the leukotoxin promoter occurred in a branch within the serotype b cluster (branch 5 in Fig. 3 ). Our findings are in good agreement with previous phylogenetic analyses of A. actinomycetemcomitans (15, 34) .
DISCUSSION
The distribution of PCR genotypes among the strains analyzed in our study was consistent with previous population genetic analyses of A. actinomycetemcomitans which showed considerable genetic diversity both between and within serotype a to e strains, with little evidence of assortative recombination between strains of different serotypes (1, 7, 15, 28, 34) . Our data revealed five types of A. actinomycetemcomitans 16S rRNA sequences which displayed 0.0 to 6.7% sequence divergence, higher than the amount of interspecific 16S rRNA divergence observed many other bacteria. 16S rRNA sequence divergence of 1 to 2% corresponds to a species-level difference for most bacteria (30) . We recently identified a strain isolated from the gingival pocket of a rapidly progressive periodontitis patient in Japan (strain OEN12-5, serotype e) that contains a 16S rRNA sequence identical to that of strain NJ9500 (also serotype e) (J. B. Kaplan and S. Kokeguchi, unpublished data), suggesting that 16S rRNA type V constitutes a distinct and geographically diverse A. actinomycetemcomitans clade. Because of the small number of strains analyzed to date, it is possible that other A. actinomycetemcomitans 16S rRNA types exist.
Three of the five A. actinomycetemcomitans 16S rRNA types identified in our study (types III to V) contained sequences that were homologous to sequences in the 16S rRNAs of H. aphrophilus and H. paraphrophilus, a finding consistent with the close evolutionary relationship of A. actinomycetemcomitans to these species (4, 5, 17, 33) . Our PCR genotyping data, however, indicated that A. actinomycetemcomitans 16S rRNA types III to V were more closely related to other A. actinomycetemcomitans strains than to H. aphrophilus or H. paraphrophilus. 16S rRNA type III strains include type strain NCTC9710, which has also been shown to be more closely related to other A. actinomycetemcomitans strains than to H. aphrophilus or H. paraphrophilus, based on DNA-DNA hybridization (4, 33) and partial infB sequence comparisons (17) . These data support the classification of 16S rRNA types III to IV as A. actinomycetemcomitans.
Previous studies showed that highly leukotoxic (JP2-like) strains are isolated almost exclusively from LJP patients (12, 14) , suggesting that these strains may have an increased virulence potential. Highly leukotoxic strains also comprise approximately one-half of the strains isolated from Africans and African-Americans but only 0 to 2% of strains isolated from Europeans and Asians (3, 12, 14, 15) . These findings led to the hypothesis that LJP may have two different etiologies and epidemiologies: in Caucasians LJP may be associated with diverse A. actinomycetemcomitans clones acting as opportunistic pathogens, whereas in some Africans and African-Americans LJP may be associated with JP2-like strains acting as exogenous pathogens (23) . It is also possible that JP2-like strains are acting as opportunistic pathogens that are simply more prevalent in Africans and African-Americans, who have an increased susceptibility to LJP for other reasons, perhaps related to host determinants. In the present study, all six JP2-like strains were isolated from African-Americans, but JP2-like strains constituted less than one-third (5 of 16) of the strains isolated from African-American LJP patients. The fact that phylogenetically diverse strains were recovered from LJP patients in our study supports the hypothesis that A. actinomycetemcomitans plays the role of an opportunistic pathogen (14, 15, 34) . Since all data presented to date have been crosssectional in nature, it is impossible to determine the temporal relationship of JP2-like strains to disease. This question can only be resolved in a prospective longitudinal study that measures the frequency of conversion from health to disease in a sufficient number of healthy subjects who carry JP2-like and non-JP2-like strains. Resolution of this question could have implications for treatment strategies (23) .
